Background: Sedation for surgical procedures performed with regional or local anesthesia has usually been achieved with intravenous medications, whereas the use of volatile anesthetics has been limited. The use of sevoflurane for sedation has been suggested because of its characteristics of nonpungency, rapid induction, and quick elimination. The purpose of this investigation was to assess the quality, recovery, and side effects of sevoflurane sedation compared with midazolam.
SEDATION for surgical procedures performed with regional or local anesthesia has usually been achieved with a variety of intravenous medications, such as benzodiazepines, barbiturates, and propofol. Midazolam, a benzodiazepine, is widely used for conscious sedation because it produces dose-related sedation as well as amnesia and anxiolysis. Inhaled agents, e.g., nitrous oxide, have been used for conscious sedation in obstetrics, dental, and ambulatory surgery. Except for limited use for analgesia during labor and delivery, 1 volatile anesthetics have seldom been used because of airway irritation and pungency.
Sevoflurane, a fluorinated methyl isopropyl ether, has been used frequently for inhalation induction of anesthesia because of nonpungency and low incidence of respiratory irritability. Sevoflurane provides for a smooth induction with decreased incidence of cough, breath holding, laryngospasm, and bronchospasm compared with halothane 2 and particularly desflurane. [3] [4] [5] Sevoflurane is useful for short procedures and facilitates quick recovery. Sevoflurane exhibits a low blood-gas partition coefficient, which is associated with both a rapid induction of anesthesia and quick emergence. General anesthesia with sevoflurane results in faster emergence and response to commands compared with isoflurane 6,7 and propofol. 8, 9 Because of nonpungency, rapid induction, and quick elimination, sevoflurane may theoretically be useful for sedation. Indeed, Philip et al. 10 anecdotally reported successful sedation with sevoflurane in ambulatory surgery patients. The purpose of this investigation was to assess the quality, clinical feasibility, recovery, and side effects of sevoflurane sedation compared with intravenous midazolam.
Methods

Participants
One hundred seventy-three patients (American Society of Anesthesiologists physical status I-III, aged 18 -81 yr) were enrolled in a multicenter, open-label, randomized investigation involving a single protocol approved by each institutional review board. Written informed consent was obtained from all patients. Patients were scheduled for elective surgery of anticipated duration 0.5-2 h and requested either local or regional anesthesia with sedation. Individuals were excluded from the study if they were pregnant, taking opioids or sedatives within 24 h before enrollment, or at risk for aspiration. All patients fasted for a minimum of 6 h before surgery. No preoperative sedation, opioids, or prophylactic antiemetics were given. Remifentanil infusion was permitted for analgesia during regional block placement.
Study Design and Anesthetic Technique
Subjects were randomized to sevoflurane (n ϭ 117) or midazolam (n ϭ 56) in a 2:1 ratio as determined by permuted block. The block size was six (four sevoflurane and two midazolam). A 2:1 randomization ratio of sevoflurane to midazolam was chosen to increase the experience level with sevoflurane for sedation. Patient treatment assignments were contained in sequentially ordered individually sealed envelopes, which were opened immediately before entering the operating room. A priori power calculations were based on the assumption that 75% of the sevoflurane patients and 50% of the midazolam patients would attain an Observer's Assessment of Alertness-Sedation (OAAS) score of 5, 5 min after the procedure. A sample size of 49 patients in the midazolam treatment group and 97 patients in the sevoflurane treatment group would be required to achieve an 80% power with an ␣ level of 0.05. All patients received an air-oxygen mixture at 2 l/min via circle system (face mask connected to a semiclosed anesthetic circuit) and were monitored with an electrocardiograph, noninvasive blood pressure, pulse oximetry, capnograph, and oxygen analyzer. A face mask was applied before administration of any study drug and was held manually or fixed with a rubber head strap to achieve a tight seal. Blood pressure, heart rate, oxygen saturation, end-expired carbon dioxide, and end-expired sevoflurane concentration were assessed every 1-2 min for the first 10 min of study drug administration or until maintenance was reached, whichever was later, then every 5 min. An observer who was not blinded to the identity of the study drug was present for frequent clinical assessment of depth of sedation. Sedation level was assessed every minute using the OAAS scale 11 and titrated to an OAAS score of 3 (table 1) . This open-label investigation has theoretical potential for interpretive bias. However, clinical assessment of sedation depth (data obtained by the unblinded observer) was used to adjust drug dose (clinical end point) and was not a primary or secondary outcome measure. Maintenance level was defined as three consecutive OAAS scores of 3; subsequent assessments were then made every 5 min.
Sevoflurane concentration was increased slowly to a maximum of 1.0 minimum alveolar concentration (MAC; 2.05% end tidal). Inadequate (or excessive) sedation was treated by increasing (or decreasing) the concentration by 0.2-0.6% (vaporizer settings) until the desired effect was reached. Midazolam was titrated slowly to the desired effect. Within a 2-min period, no more than 2.5 mg was to be given to patients younger than 60 yr, and no more than 1.5 mg in patients aged 60 yr or older. Inadequate sedation was treated by further administration of drug given by slow titration in increments judged by the investigator to reach the desired effect. Excessive sedation was treated by holding midazolam doses until the patient returned to an OAAS score of 3. Every midazolam dose administered was recorded. The level of sedation was maintained at an OAAS score of 3 throughout the procedure until the last suture or procedure equivalent.
Patients underwent local or regional anesthesia (spinal, epidural, axillary, ulnar, ankle, sciatic, femoral, interscalene, and Bier blocks). Block placement occurred before the administration of the study drug. If analgesia during block placement was necessary, a remifentanil infusion (0.1 g ⅐ kg Ϫ1 ⅐ min Ϫ1 ) was administered and discontinued after the block placement was complete (n ϭ 28). Induction of sedation with sevoflurane or midazolam was not begun until the patient returned to an OAAS score of 5.
Administration of other sedating agents was prohibited and resulted in patient removal from data analysis. However, fentanyl administration was allowed in the event of pain, as a treatment for excitation and excessive patient movement, or prophylaxis of painful surgical stimuli. Fentanyl 25-50 g was administered intravenously as needed to supplement sedation-analgesia. Every dose of fentanyl and the reason for administration was recorded. The incidence of side effects (e.g., apnea, airway obstruction, headache, excitation) was recorded by the observer. Severe excitation-disinhibition was defined as when, in the investigator's opinion, agitation and uncontrollable patient movement resulted in difficult or unsafe operating conditions and conversion to general anesthesia was considered necessary. Moderate excitation-disinhibition was defined as agitation and uncontrollable movement that was not believed to compromise surgical operating conditions or patient safety or did not require the discontinuation of the technique or induction of general anesthesia. Postprocedure milestones included the times that the procedure ended (last suture or procedure equivalent), study drug was stopped, arrival to designated recovery area (phase 1 or 2), time to first OAAS score of 5, when the patient met discharge eligibility defined below, and actual discharge from phase 1 recovery. Discharge eligibility criteria were defined as when the patient was awake, alert, and oriented equivalent to baseline, experiencing minimal nausea without vomiting, pain was well controlled, and room air oxygen saturation was at least 94% or at baseline or higher. If a patient bypassed phase I recovery and went directly to phase II, the actual discharge time from phase 1 recovery was recorded as 0 min.
Evaluation of Recovery
The speed of awakening and return of preoperative baseline cognitive functions were assessed by OAAS score, Digit Symbol Substitution Test (DSST), 12, 13 and memory tests. A second observer who was blinded to the identity of the study drug obtained baseline test scores preoperatively and repeated these tests at the end of the procedure in the operating room and several times postoperatively. To ensure the blinding of the observer in the operating room, all drug syringes were concealed under a cloth, and a nose clip was worn to avert any scent of sevoflurane. The OAAS score was measured every minute during the first 5 min during recovery and then at 10 min and again at 30 min. The DSST was given at baseline (before entering the operating room) and at 5, 10, and 30 min of recovery. The DSST score represents the number of correct substitutions completed in 90 s. The memory tests included immediate and delayed recall tests. The immediate recall test was given at baseline and 10 and 60 min of recovery. The delayed recall test was given at 60 min and 24 h after the end of the procedure. The immediate recall test involved using tape recordings to administer lists of 16 different words balanced on word frequency and normative free recall at a rate of one word every 5 s. 14 -16 One of three different word lists was used for the administration of each immediate recall test (baseline, 10 min, and 60 min). Immediately after the list was completed, patients were asked to recall in any order as many of the words as possible from the list. The score of the immediate recall test was the number of correct words recalled. The delayed recall test involved asking the patients to recall the words from any previously presented list in any order. 17 The 60-min delayed recall test was given before the presentation of the 60-min immediate recall test and tested the recall of words from the baseline test and the 10-min word list. The 24-h delayed recall test tested recall from all three word lists. (Separate word lists were not used for the delayed recall test.)
Subjective self-assessment of quality of recovery was measured by visual analog scales (VAS) determined at baseline and 5, 10, and 30 min of recovery. Attributes assessed (and scored from 0 to 100) included level of alertness-sedation (0 -100; almost asleep to wide awake), energy level (no energy to full of energy), clearheadedness-confusion (confused to clear-headed), coordination-clumsiness (extremely clumsy to well coordinated), anxiety (calm-relaxed to extremely nervous), and nausea (no nausea to worst nausea).
Patient satisfaction was determined by a questionnaire given to the patients before discharge. The patients were asked whether they were pleased with their anesthetic experience and whether they would accept the same anesthetic in the future.
Statistical Analysis
Analysis of study drug administration, recovery data (OAAS, DSST, and memory scores, time to anesthesia events) included only patients who successfully completed the study. The analysis of complications and sideeffect data included all enrolled patients. One-way analysis of variance was used to compare age, height, and weight between treatment groups. Gender and race was compared with 2 ϫ 2 Fisher exact test, and the Cochran-Mantel-Haenszel test was used to compare American Society of Anesthesiologists physical status between treatment groups. Duration of study drug administration, time to anesthesia events, and deviation from target level of sedation were compared with a two-way analysis of variance model using treatment groups and sites as factors and their interactions. Raw test scores (DSST, memory, and VAS) were compared with a two-way analysis of variance model using treatment groups and sites as factors and their interactions, with application of the Bonferroni correction. Return to preoperative DSST and OAAS levels, fentanyl administration, side effects, and patient satisfaction survey responses were compared with the 2 ϫ 2 Fisher exact test. Chi-square analysis was used to compare the incidence of excitation and antiemetic requirements. P values less than 0.05 were considered significant. Results are presented as mean Ϯ SD.
Results
Patient Characteristics
One hundred seventy-three patients at seven clinical centers were enrolled and received the study drug (117 sevoflurane and 56 midazolam). Twenty patients were prematurely withdrawn during the intraoperative period because of severe disinhibition or excessive movement requiring the induction of general anesthesia (18 sevoflurane and 2 midazolam; P ϭ 0.043). Eight patients (4 sevoflurane, 4 midazolam) were excluded because they received less than 20 min of anesthesia. Two (sevoflurane) were excluded because the surgical procedure required a sedation depth approaching the level of general anesthesia; these procedures were not appropriate for local anesthesia with sedation, constituting a protocol violation. Two patients (midazolam) were excluded because they received midazolam before baseline measurements. One hundred forty-one patients (93 sevoflurane, 48 midazolam) were assessable for efficacy and quality-cognitive recovery of the sedation technique (table 2). Analysis of complications and side effect data was performed as an intent-to-treat analysis, which included all enrolled patients (117 sevoflurane and 56 midazolam).
The duration and dose of sevoflurane and midazolam administered were 55 Ϯ 3 and 49 Ϯ 4 min (P ϭ 0.199), and 0.40 Ϯ 0.02 MAC-hours and 8.3 Ϯ 0.6 mg, respectively. The average end-tidal sevoflurane concentration used from induction to end of sedation was 0.81 Ϯ 0.03% (0.39 Ϯ 0.01 MAC). Induction (time from study drug start to the first of three consecutive OAAS readings of 3) was not significantly different between sevoflurane and midazolam (9.1 Ϯ 6.6 vs. 7.5 Ϯ 6.4 min, respectively). The average sevoflurane and midazolam dose administered during induction was 0.88 Ϯ 0.04% (0.43 Ϯ 0.04 MAC) and 5.4 Ϯ 2.7 mg, respectively. Maintenance (time from the first of three consecutive OAAS scores ϭ 3 until discontinuation of study drug) was also not significantly different between both drugs (45.9 Ϯ 33.5 min sevoflurane vs. 57.2 Ϯ 32.6 min midazolam). Local anesthesia was administered to 92 patients, and regional anesthesia (spinal, epidural, axillary, ulnar, ankle, sciatic, femoral, interscalene and Bier blocks) was administered to 49. Forty-six (94%) and three (6%) of 49 regional blocks were evaluated as providing "good" and "fair" anesthesia, respectively. Fentanyl administration was more frequent in patients who received local anesthesia (84 of 92 [91%] total: 55 of 60 [92%] sevoflurane and 29 of 32 [91%] midazolam) than regional anesthesia (24 of 49 (49%) total: 18 of 33 [55%] sevoflurane and 6 of 16 [38%] midazolam). In patients undergoing local and regional anesthesia, fentanyl was administered 2.4 Ϯ 1.6 times (32 Ϯ 26 g) and 2.3 Ϯ 2.0 times (37 Ϯ 13 g), respectively. Fentanyl was administered for analgesia, prophylaxis of painful stimuli, or excitation, and for excessive movement 35%, 44%, and 21% of the time, respectively.
The percentage of time that sedation deviated from the desired depth during maintenance (OAAS ϭ 3) was similar in both groups (35 Ϯ 27% sevoflurane vs. 37 Ϯ 26% midazolam). The percentages of time each OAAS score occurred throughout the procedure is shown in figure 1 .
Objective Recovery
Patients who required conversion to general anesthesia or who were maintained at a sedation level approaching general anesthesia were not included in the analysis of recovery data. Return to an OAAS score of 5 after study drug was discontinued was determined ( fig. 2 ). No significant difference was observed between the groups in the first 10 min after drug administration. However, after 30 min, all sevoflurane patients (93 of 93) and 45 of 48 midazolam patients (94%) had returned to an OAAS score of 5 (P ϭ 0.038).
Cognitive recovery was measured by DSST and memory scores. Cognitive recovery measured by DSST was faster with sevoflurane (18 [19%] , 47 [51%], and 71 [76%] returned to their baseline scores at 5, 10, and 30 min postoperatively, respectively) versus midazolam (2 [4%], 9 [19%] , and 17 [35%]; P Ͻ 0.05 at all three time ASA ϭ American Society of Anesthesiologists. points). DSST scores were also analyzed as the deviation from baseline score ( fig. 3 ). Patients who received sevoflurane had scores that were closer to baseline at 5, 10, and 30 min after the procedure compared with midazolam (P Ͻ 0.05).
Cognitive recovery measured by memory scores was also faster with sevoflurane. Baseline scores on the immediate recall test (number of words recalled) were not significantly different between sevoflurane (5 Ϯ 2) and midazolam (5 Ϯ 2). However, scores at 10 min (4 Ϯ 2 vs. 3 Ϯ 1; P Ͻ 0.05) and at 60 min (5 Ϯ 2 vs. 4 Ϯ 2; P Ͻ 0.05) after the discontinuation of the study drug were significantly better in the sevoflurane group ( fig. 4) . No difference was observed on the delayed recall tests after 60 min (4 Ϯ 3 vs. 4 Ϯ 3) or at 24 h (4 Ϯ 3 vs. 4 Ϯ 2).
Self-assessment Recovery
Quality of recovery was assessed by VAS scores. Sevoflurane patients were significantly more awake at 10 and 30 min after the procedure. No significant difference was observed in the level of energy, confusion, excitement, clumsiness, or nausea after the procedure (table 3) .
Nearly all of the patients were pleased with the anesthetic technique provided (99% sevoflurane, 100% midazolam; P ϭ not significant) and would accept the same anesthetic in the future (99% sevoflurane, 100% midazolam; P ϭ not significant). This data was not collected on the patients who were withdrawn from the study because of failure of the sedation technique.
Time to Anesthesia Events
The time to anesthesia events was compared between both groups. Time to induction, incision, and maintenance was similar between both groups. Recovery, defined as time from last suture or procedure equivalent to first OAAS score of 5, was not different between sevoflurane and midazolam (7 Ϯ 9 min vs. 7 Ϯ 9 min). Times to arrival to recovery area (18 Ϯ 19 vs. 16 Ϯ 31 min), actual discharge from phase 1 recovery (39 Ϯ 36 vs. 38 Ϯ 35), and eligibility for discharge (57 Ϯ 111 vs. 76 Ϯ 108) were not significantly different between groups.
Complications and Side Effects
All enrolled patients were included in this analysis (117 sevoflurane and 56 midazolam). The incidence of severe excitation-disinhibition (defined as agitation or uncontrollable patient movement that resulted in difficult or unsafe operating conditions and required induction of general anesthesia) was significantly higher in the sevoflurane group ( withdrawn from the study and assessment of recovery, but not from assessment of side-effect and complication data. Moderate excitation-disinhibition (defined as agitation and uncontrollable movement, which was not believed to compromise surgical operating conditions or patient safety or did not require the discontinuation of the technique or induction of general anesthesia) was also more frequent with sevoflurane than midazolam (15 [16%] vs. 0; P ϭ 0.008]. The incidence of moderate disinhibition-excitement in sevoflurane patients was 11 of 33 (30%) who received regional and 4 of 60 (7%) who received local anesthesia (P ϭ 0.002). All of the regional blocks in the patients who experienced moderate disinhibition-excitement were considered to be "good" quality blocks. None of the patients who received "fair" regional blocks experienced disinhibition-excitement. Including all enrolled patients in the intent-to-treat analysis, 15 of 39 patients (38%) who received sevoflurane sedation and regional anesthesia experienced moderate or severe disinhibition, whereas 18 of 78 patients (23%) who received sevoflurane sedation and local anesthesia experienced moderate or severe disinhibition (P ϭ not significant).
The incidence of excitement and disinhibition was greater in patients who did not receive fentanyl. Of the patients who experienced moderate or severe excitement, 23 received fentanyl and 12 did not. Of those who did not experience moderate or severe excitement, 114 received fentanyl and 24 did not (P ϭ 0.049). The incidence of excitement and disinhibition did not differ between patients who did and did not receive remifentanil for analgesia during block placement. Of all enrolled regional patients, 9 of 28 (32%) who received remifentanil experienced excitement, compared with 10 of 31 (32%) who did not receive remifentanil.
No significant difference was observed in the incidence of coughing, laryngospasm, apnea, and other complications between the two groups (table 4 ). Antiemetic requirements and incidence of vomiting were compared in patients who received only the sedation technique. Seventeen sevoflurane patients (18%) and six midazolam patients (13%) required anti-emetics during or after the procedure (P ϭ not significant). Two sevoflurane patients (2%) vomited at 5 min postoperatively, and one midazolam patient (2%) vomited at 30 min postoperatively (P ϭ not significant). Optimal score for categories in alertness, energy level, clear-headedness, excitement, and coordination is 100. Optimal score for nausea category is 0.
* Sevoflurane versus midazolam scores, P Ͻ 0.05.
VAS ϭ Visual Analogue Scale.
Discussion
The purpose of this investigation was to determine whether inhaled sevoflurane is an effective agent for sedation for patients undergoing surgery with regional or local anesthesia, and to compare the quality of recovery and rate of return of baseline cognitive function between sevoflurane and midazolam. Sevoflurane did produce dose-related sedation. Recovery to baseline cognitive function was faster with sevoflurane, and patients felt more awake as measured by VAS scores compared with patients who received midazolam for sedation. However, the occurrence of excitement-disinhibition with sevoflurane sedation was significant and may limit the usefulness of this technique. Further studies of sevoflurane sedation designed to diminish the incidence of excitement, such as the addition of fentanyl or other drugs, might improve this technique. Consequently, only a well-trained anesthesia provider who is equipped to deal with the potential complications of excitement (which include the requirement for induction of general anesthesia) should perform this sedation technique. Furthermore, sevoflurane administration requires the use of a face mask, anesthetic machine and agent analyzer, scavenging system, etc., whereas the midazolam technique requires intravenous access, supplemental oxygen, and basic monitoring.
Midazolam was chosen as a comparator because it is widely used for sedation for surgical procedures performed with local or regional anesthesia, especially when the desired sedation level is responsiveness to voice. Midazolam produces dose-related sedation, as well as amnesia and anxiolysis. Midazolam sedation is simple to use, and, unlike propofol, does not require an infusion pump set-up. Additional studies are needed to compare the quality of sedation and emergence times of sevoflurane with other sedative agents such as propofol.
Anticipated benefits of an improved subjective quality of recovery with faster return of preoperative cognitive function might theoretically include shorter time in the recovery room and improved patient satisfaction. Although sevoflurane provided a more rapid recovery of cognitive function as measured by postoperative DSST and memory scores, these sensitive measures of cognitive function play no role in determining discharge eligibility. Moreover, although subjective recovery of alertness (measured by VAS) was improved after sevoflurane, objective recovery as measured by OAAS scores revealed no difference in speed of awakening during the first 10 min postoperatively. Although the difference in OAAS scores at 30 min after the procedure (100% vs. 94%) was found to be statistically significant, the clinical significance of this difference may not be appreciated. Finally, no difference was observed in time to discharge from the recovery room or eligibility to discharge. Admittedly, contributions to discharge times are multifactorial and usually do not reflect faster recovery, regardless of the drug used. 18, 19 However, these benefits also did not translate into improved patient satisfaction. And patients who required general anesthesia because of failure of the sedation technique were not queried for patient satisfaction.
The most serious limitation of sevoflurane for sedation was the development of excitation-disinhibition characterized by agitation and excessive uncontrollable movement, which sometimes caused serious disruption to operating conditions. The incidence of intraoperative excitement-disinhibition and excessive uncontrollable movement was high and clinically significant and may limit the usefulness of this technique. The incidence of moderate (not requiring conversion to general anesthesia) and severe (requiring conversion to general anesthesia) disinhibition was significantly greater with sevoflurane than midazolam. We tested the hypothesis that disinhibition was related to inadequate analgesia with local anesthesia because the sevoflurane sedation technique provides primarily sedation, and if analgesia is also needed, other analgesics need to be given. However, the data revealed that excitation-disinhibition occurred more frequently in patients receiving regional anesthesia, suggesting that inadequate analgesia with local sedation was not the cause of greater excitation with sevoflurane. Furthermore, the quality of the regional blocks in all of the patients who experienced moderate excitement was considered to be good; thus, an inadequate regional anesthetic was not the cause of excitation. In addition, fentanyl was administered more frequently to patients receiving local anesthesia, and it is conceivable that the administration of fentanyl decreased the incidence of excitement. Indeed, although the data were not captured in such a way that would provide objective evidence, it was the clinical impression that fentanyl decreased the incidence or severity of excitement. Further investigation is necessary. Excitement has been reported to occur in adult patients undergoing mask induction with sevoflurane 9,20 and other volatile anesthetics, but the reason for the development of agitation and excessive uncontrollable movement with sevoflurane sedation is unclear. Because the face mask was worn by all patients, anxiety or claustrophobia from wearing the face mask does not explain the increased incidence of excitement observed in sevoflurane patients. The incidence of other symptoms of airway irritation (e.g., breath-holding, cough, laryngospasm, bronchospasm) were not individually significantly greater in sevoflurane patients than in midazolam patients. Some investigators have suggested that the development of excessive uncontrollable movement may be a manifestation of seizures. Yli-Hankala et al. 21 reported epileptiform electroencephalogram patterns during sevoflurane mask induction, yet other investigators found no evidence of seizures. 22 The addition of nitrous oxide 23 and the vital-capacity rapid-inhalation technique 20 have reduced the incidence of excitement during sevoflurane induction of general anesthesia. Effects of nitrous oxide and a more rapid induction of inhalation sedation on excitement during sevoflurane sedation remain to be determined.
Nausea may be the single most important factor that adversely affects discharge after day-care surgery 24 ; thus, a low incidence of nausea is crucial to promote early discharge from the recovery room. Because potent volatile anesthetics are known to be associated with nausea, 6 ,25 this possibility is recognized in patients who receive sevoflurane. Subject self-assessment (VAS) did not reveal significantly higher incidence of nausea postoperatively, and the number of patients who required anti-emetics and the incidence of vomiting were also similar between both groups. However, these data was not collected for the patients who failed the sedation technique.
In summary, although inhaled sevoflurane does produce dose-related sedation, the incidence of excitement-disinhibition is high and clinically significant and may seriously impact on operating conditions. Further studies of sevoflurane sedation designed to diminish the incidence of excitement might improve this technique. However, return of cognitive function measured by DSST and memory scores after sevoflurane sedation is faster than after midazolam sedation.
